Based on the achievements we have acquired, a semi-analytical model using Gordon model is built to inverse the SS concentration. With the SS concentration on samples, the precision of the inversion model is tested. The results show that the error of SS concentration retrieved can satisfy the later research requirement; and the minimum retrieval error is -6.22%, the maximum retrieval error is 62.83%,the mean retrieval error is 25.65%. Further, the inversion method is applied on the multi-temporal image CHRIS to check the prison of the model, and the mean retrieval error is 21.81%.
INTRODUCTION
Many empirical/semi-analytical/ analytical algorithms of inversing chlorophyll a concentration have been developed since the CZCS (costal zone color scanner) operates. The empirical statistic algorithms based on the "band ratio /combination" , the precision of which are higher in caseⅠ water, become the main algorithms on business [1] . For case Ⅱ water, the inversion precision can increased by choosing the appropriate bands and increasing the spectrum bands [2] . These algorithms not only apply simply, but also calculate speedy. But there is a drawback that the applicability of them is worse. Semi-analytical algorithms which are based on the water color principle, integrate the empirical or subjective hypothesis values in the bio-optical model, using the bio-optical model to interpret or model the remote sensing data, then inverse the water component concentration from the remote sensing data by AOP band ratio and mathematics methods [3] . Semianalytical algorithms are suitable for inland water color remote sensing monitoring due to its less dependency of the ground insitu data. Especially with the development of the highspectral sensor technology and the optical instrument in ocean and lake, Semi-analytical algorithms play an important role in inland water color remote sensing monitoring. In this paper, we established the Semi-analytical algorithm of the Three Gorges Dam water using the Gordon model, then inversed the water components concentration with the CHRIS data.
II. WATER COLOR PRINCIPLE AND ALGORITHM DEVELOP

A. The relationship between the water color and the absorption & scatter of water components
The optical characteristic of water is related to its components. Chlorophyll, dissolved organic carbon (DOC) and suspended substance (SS),which are the so called "water color three components" without considering the water bubble, turbulent current effect and other factors, are the three factors to influence the caseⅡ water optical characteristic, and the last factor is the pure water. The inherent optical properties (absorption coefficient, scatter coefficient, attenuation coefficient) are the combination of the four components [6] . Therefore, the water total absorption coefficient a and total back-scatter coefficient b b are the total of the different absorption bodies and scatter bodies' coefficients:
1-4244-2394-1/08/$20.00 ©2008 IEEE. b is the back-scatter coefficient of the pure water, chlorophyll, SS and DOC respectively. Due to the weak back-scatter of the DOC, we consider the back-scatter of the pure water, chlorophyll and SS only. i.e.
The Gordon [7] model expressed as follows:
With the theory of water spectrum collection, the upward-irradiance ( )
− of water has water information. The water spectrum change resulted from the water components can be characterized with the downward-irradiance ( )
( ) ( ) ( )
While, Q is the optical field distribution parameter, normally with the value 4.0;
− is the up-ward irradiance beneath the surface; L w is the water-leaving radiance; t is the penetration coefficient of the gas-water contact, normally with the value 0.98; n is the refraction coefficient of water, normally with the value 1.34; aw ρ is the irradiance reflectance of the gas-water contact (between the 0.04 and 0.06),here we make the variable with the value 0.05;
Ed + is the downwelling irradiance just above the surface [4] .
With the equation (5), (6), (7), (8), we obtained the equation as following:
According to the remote sensing reflectance R rs
We obtained the equation as following: 
From the equation [8] characterized the absorption with the arithmetic product of the water component concentration and specific absorption coefficient; and characterized the back-scattering with the arithmetic product of volume scattering and backscattering ratio: These parameters related to the semi-analytical model can be obtained by experiment in-situ in theory. We choose the reference value from other scholars' research in this study due to the condition we have.
1) The absorption of every water component
Based on the inherent optical properties of every water component, we have researched the absorption coefficient characteristic of phytoplankton (chlorophyll a), nonphytoplankton particulate matter, DOC, and established the absorption coefficient model between the phytoplankton absorption and chlorophyll a concentration, the absorption coefficient model of non-phytoplankton particulate matter, and the absorption coefficient model of DOC. We generalized as following.
• The absorption of the pure water 1-4244-2394-1/08/$20.00 ©2008 IEEE.
Many scholars have measured the water absorption. Due to the difference of the water samples, the absorption coefficient of water is different. Morel [8] gives the absorption coefficient between 200-700nm of fresh water; Pope [9] gives the absorption coefficient between 380-700nm of pure water; Smith (1981) gives the absorption coefficient between 200-800nm of cleaned natural water. Here, we chose the absorption coefficient between 200-800nm of cleaned natural water.
• The absorption of the chlorophyll With different relative proportion of chl-a,chl-b,chl-c, different phytoplankton component and different condition of light, the absorption coefficient of the phytoplankton is different. However, the absorption of chlorophyll and its concentration has a better non-linear relationship.
For Three Gorges Dam water, polynomial can express the relationship between the chlorophyll a concentration and its absorption coefficient [5] .Here, we took the typical bands of 443nm and 675nm for example, the statistic relationship as follows:
0.1123 0.2381 0.0427 
is the absorption coefficient of phytoplankton at band 443,675nm respectively, chla is the chlorophyll concentration.
• The absorption of the SS The suspended substance includes organic offal, suspend silts and so on. Compared with the weak information of water, suspended substance has a strong absorption and scattering characteristic [11] . The constituents of suspended substance minerals in different river and offshore area are different. There is also a difference between the water spectrums. We obtained the absorption coefficient of the suspended substance in Three Gorges Dam by experiment in-situ and established the absorption coefficient model of the suspended substance [5] .
( ) ( • The absorption of the DOC DOC, which has the unique absorption characteristic, plays an important role to the total absorption spectrum of water. Bricaud [12] 
The correlation between the wave lengths and absorption coefficient of DOC in bands300-500nm, 501-700nm is better, compared with the fitting precision in band 300-700nm. Therefore, we chose the relationship of the bands300-500nm, 501-700nm to join the water quality remote sensing inversion model.
2) The back-scattering of every water component
For case Ⅰwater in ocean, the scattering of water is caused by non-phytoplankton partial matter mainly, And the value of back-scattering b b is very small, i.e. b b a [8] .But for the offshore and inland water in china, such as Huaihai,Taihu and other water area, the information of the scattering coefficient and back-scattering that can be applied is litter due to the larger partial size of pigment particles , the complex scattering characteristic and the strait collection of the scattering, backscattering data for different components. In addition, some instruments we need are absence. So we did not measure the back-scattering of water components, but did the water quality remote sensing inversion with the reference value that other scholars obtained.
• The scattering of the natural water Smith [10] gives the back-scattering calculate method of pure water between the bands200-800nm in 1981 based on the back-scattering of pure water in-situ. Ma Rong-hua [4] , Tang Jun-wu [13] used this relationship with the algorithm analysis of water components inversion of inland water and water 1-4244-2394-1/08/$20.00 ©2008 IEEE. spectrum, and obtained a better inversion result. Here, we also chose this relationship, the relationship as follows [10] • The scattering of the chlorophyll Based on the hypothesis that the scattering of phytoplankton and absorption has an inversion ratio relationship, the scattering of chlorophyll can be calculated with the equation (30) Considering the suspended substance was no longer divided in the experiment, so we did not employ this calculation method in our study.
Tang Jun-wu [13] generalized a calculation method to determine the suspended substance scattering coefficient, which involved the scattering coefficient of suspended substance at 550nm. We did not employ this calculation method in our study either due to the lack of data.
Peter [15] generalized a calculation method, which has a better result to calculate the scattering coefficient of suspended substance not only in caseⅠwater but also in case Ⅱwater. 
While, 
There are only two indeterminate variables in this equation, so we can calculate the concentration of chlorophyll a and suspended substance.
III. ALORITHM APPLICATIONS
A. The precision analysis of the model
Theoretically speaking, the applicability of the analytical model is widely than that of the experiential model. However, we quote the reference values of some variables, considering the correlation between the chlorophyll a concentration and the absorption is weak, so we chose the bands that the correlation between the chlorophyll a concentration and the absorption is better to inverse the water components concentration. With the analyses of the correlation between the water components concentration and band reflection, the correlation between the chlorophyll a and band675nm, 443nm is higher.
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The precision of the model is analyzed with the measured data on 15 samples in-situ. Te inversion error of SS on even number samples is shown in Table 1 .The statistical chart of the SS concentration inversion error is shown in Fig 1 . With the statistical data, it is feasible for using the model to inverse the suspended substance concentration in Three Gorges Dam. The maximum inversion error is 62.83%, and the minimum inversion error is -6.22%, and the mean error is 25.65%.There is about 79% of the samples error controlled in ±30%.
B. Algorithm Applications
Despite CHRIS is a hyperspectral sensor, of which the spectrum resolution is above 10nm, the band design of it is rougher, compared with the spectrum width of Handhold Field ASD spectrometer (spectrum resolution is above 1nm).So there is a coupling between the bands chosen of CHRIS and the retrieval algorithm based on the data Handhold Field ASD measured, i.e. the band design of CHRIS is not satisfied the retrieval algorithm accurately. As a matter of fact, we choose band 2(the mid band is 442nm) corresponding to 443nm, band 11(the mid band is 672nm) corresponding to 675nm, and apply the retrieval algorithm on the CHRIS images which we obtain on April, 17 th , 2007.The SS concentration in Three Gorges Dam were retrieval led and were shown in Table 2 .
As we can see, the maximum inversion error is 57.58%, and the minimum inversion error is -5.04%, and the mean error is 21.81%.It is pointed that it is better to apply the synchronous data measured in-situ. While in fact, we applied the measured data on November 7 th -8 th , 2007 to compare with the CHRIS image on April, 17th, 2007. In November, it is cold and the mobility of the phytoplankton becomes weak, and the velocity of water flow is slow which lead the suspended matter deposit in the bottom of the river. So it is not surprising that the band reflectance we measured is low; while in April, a warmer spring varies of phytoplankton begin to grow and the mobility of them is strong, most of the suspended matter in water is suspended state which is influenced with the mold rain. The difference of the season results that the spectrum characteristic and the absorption, scattering characteristic of water components have changed a lot. Therefore, the application of the model need to certificate further. 
IV. CONCLUSIONS
Based on the research we have done, we analyzed the contribution of water components to the total absorption, scattering, established the water quality remote sensing model in Three Gorges Dam, calculated the SS concentration in Three Gorges Dam using the algebra method. The results show that, it is feasible for using semi-analytical to inverse the 1-4244-2394-1/08/$20.00 ©2008 IEEE.
SS concentration, and the mean error is only 21.81%, which is in the controlled range.
For our inland water, especially the water in Three Gorges Dam, which is not only different from the ocean, but also different from the lake, river in inland, it is need to accumulate abundant, reliable data in-situ to develop the semi-analytical algorithm to apply. It is not only that the indeterminacy factor influencing the measured precision in-situ is so much that it is difficult to obtain the high-grade data, but also the terrigenous importation which make the work more difficult. Therefore, we should to enhance the accumulation of the data in-situ, and standardize the measured operation in-situ, perfect the measured methods that we have known, reduce the error that created in the measured processing due to the anthropogenic factor, increase the accuracy of the data obtained in-situ.
